Introduction: We examined the potential role of polymorphisms of the platelet genes GP1BA (rs2243093, rs6065 and VNTR), ITGB3 (rs5918), ITGA2 (rs938043469) and P2RY12 (rs2046934, rs6801273 and rs6798347) as risk factors for myocardial infarction (MI). Methods: The study population was divided into three groups: controls (n=235), MI at age ≤45 years (MI ≤45, n=44), and MI at age >45 years (MI >45, n=78). The control group was further divided into two subgroups (control ≤45 and >45), and subgroups including only men were also considered for statistical analysis. Polymorphisms were detected by polymerase chain reaction and restriction fragment length polymorphism analysis. Results: Regarding non-genetic risk factors, the control group differed statistically from the MI ≤45 group (p<00.5) in terms of smoking, hypertension, diabetes and obesity, and from the MI >45 group (p<0.05) in terms of hypertension, diabetes, obesity, family history of thrombosis and high cholesterol. For the studied ITGA2 polymorphism, a statistical difference was found when MI >45 was compared with the control group, with a higher risk of MI in the TT genotype (OR 2.852; 95% CI: 1.092-7.451; p=0.032). In the GP1BA rs6065 polymorphism, a statistically significant difference was found between control ≤45 only men and MI ≤45 only men, with a higher risk in the CT genotype (OR 5.568; 95% CI: 1.421-21.822; p=0.016), despite the low numbers included. The other polymorphisms studied did not show any statistically significant correlations.
Introduction
Platelet receptors are central to physiological platelet responses. They are involved in platelet thrombus formation after vascular injury, being responsible for platelet adhesion to damaged vessel walls and aggregation. Four platelet receptors ---glycoprotein (GP) Ib-IX-V, integrin ␣2␤1 (GPIa-IIa), integrin ␣2b␤3 (GPIIb-IIIa), and the P2Y 12 ADP receptor ---are crucial for normal hemostasis. 1 ---4 GPIb-IX-V initiates platelet adhesion to subendothelial von Willebrand factor (vWF) under high shear stress conditions. 5 The GPIb subunit is composed of two disulfidelinked polypeptides, alpha and beta. The GPIb alpha subunit contains the binding sites for vWF and alpha-thrombin, both of which activate platelets, 6 and is encoded by the GP1BA gene. 1 Integrin ␣2␤1 is a specific collagen receptor found in platelets and other cell types that mediates platelet adhesion to collagen following platelet activation. 7 It is composed of two subunits, alpha2 and beta1, that are encoded by the ITGA2 and ITGB1 genes, respectively. 2 Integrin ␣2b␤3 plays a pivotal role in platelet aggregation. The major ligands for this glycoprotein are fibrinogen and vWF, and interaction between these ligands and integrin ␣2b␤3 begins platelet plug formation. 8 Integrin alpha2b and beta3 are encoded by the ITGA2B and ITGB3 genes, respectively. 3 The purinergic receptor P2Y 12 is a Gi-coupled sevenmembrane-spanning protein encoded by the P2RY12 gene 4 that interacts with ADP. 4 ADP stimulates P2Y 12 -mediated inhibition of adenylyl cyclase and activates intracellular signal transduction pathways that stabilize platelet aggregation. 4, 9 The fact that this receptor is the target for prasugrel and clopidogrel, both P2Y 12 inhibitors used as antiplatelet therapy for patients with acute coronary syndromes, is of clinical relevance. 10 These four platelet membrane receptors present genetic polymorphisms that can affect platelet responsiveness.
Three polymorphisms that influence the function and expression of GPIb-IX-V have been described: a variable number of tandem repeats (VNTR) polymorphism; rs6065 (also known as HPA-2); and rs2243093 (Kozak). All of them occur in the GPIb alpha subunit. The VNTR polymorphism, a molecular weight polymorphism within the mucin-like macroglycopeptide region of GPIb alpha, is a 13-aminoacid sequence repeat in which the A allele gives rise to four repeats, B to three repeats, C to two repeats, D to one repeat, and E lacks the 13-amino acid sequence. 11 The rs6065 polymorphism is a threonine-to-methionine substitution at position 161 that forms the basis of the HPA-2 platelet alloantigen system. 12 The rs2243093 polymorphism is a variation at position -5 from the ATG start codon in which either T or C is present. 13 The T allele of the rs938043469 polymorphism (C807T) within the coding region of the alpha2 subunit of integrin ␣2␤1 (GPIa-IIa) is associated with high expression of the receptor and may lead to platelet hyperreactivity, even though this polymorphism does not alter the amino acid sequence of the protein. 14, 15 At least nine polymorphisms have been described in the beta3 subunit of integrin ␣2b␤3. Incompatibility for HPA-1 (PlA) alloantigens is the most common cause of fetal and neonatal alloimune thrombocytopenia in Caucasians. 16 The rs5918 polymorphism is a T>C transition creating a missense Leu59Pro variant. Studies on the functional consequences of this polymorphism in thrombotic diseases have yielded conflicting results, 17, 18 but an increase in platelet reactivity has been reported in C allele carriers (PlA2) compared with TT genotype individuals (PlA1/A1). 19 Various single nucleotide polymorphisms (SNPs) in intron regions of the P2RY12 gene have been described, some of them associated with greater ADP-induced platelet aggregation, including rs2046934 (C>T), rs6801273 (T>C) and rs6798347 (G>A). 20 As platelets play an important role in the pathophysiology of myocardial infarction (MI) 21 and there is controversy regarding the possible association of platelet polymorphisms and increased cardiovascular risk, 22 further studies in specific populations are necessary to clarify the status of this relationship. In this study, we assessed the potential role of eight polymorphisms, one VNTR and seven SNPs, of four genes coding for platelet receptors (GP1BA, ITGB3, ITGA2 and P2RY12) as risk factors for MI. To this end, two groups of patients were analyzed according to the age at which they suffered MI: 45 years or younger (MI ≤45) and more than 45 years (MI >45).
Methods

Population
The study population included only Portuguese Caucasians. Subjects were divided into three groups: controls, MI ≤45 and MI >45. The control group consisted of 235 subjects (57 male and 178 female) with ages ranging from 15 to 69 years (mean 27 years). The characteristics of the control group have been described previously, 23 except for polymorphisms of the ADP receptor gene P2RY12. At the time of blood sample collection, subjects had no clinical signs of hemorrhagic or thrombotic disease. The MI ≤45 group consisted of 44 patients (40 male and four female) who had suffered an MI at or before the age of 45 years, with ages ranging from 27 to 45 years (mean 42 years). The MI >45 group consisted of 78 patients (67 male and 11 female) who had suffered an MI after the age of 45 years, with ages ranging from 51 to 97 years (mean 67 years). Clinical data on smoking status, blood pressure, presence of diabetes, body mass index, family history of cardiovascular disorders and total cholesterol levels were collected for the three groups. All subjects gave their written informed consent to the protocol, which was approved by the local ethics committee.
Genotype analysis
Genomic DNA was extracted from peripheral blood cells collected by venipuncture in EDTA tubes using a PureLink TM Genomic DNA Mini Kit (Invitrogen). A region containing each polymorphism was amplified by polymerase chain reaction using 1 g of DNA and 1 M of specific primers ( Table 1) . Except for the VNTR polymorphism, amplicons were then digested with specific restriction enzymes (Table 1 ) and the digested fragments were visualized in a 2% ethidium bromide agarose gel.
Statistical analysis
Genotype and allelic frequencies for the control group were calculated and Hardy-Weinberg equilibrium was tested for the eight polymorphisms by means of a chi-square test using observed vs. expected genotype frequencies. Genotype frequencies in the MI >45 and MI ≤45 groups were compared with the observed genotype frequencies obtained in the control group using a chi-square test. For chi-square test p values ≤0.05, odds ratios (OR) with 95% confidence intervals (CI) were calculated as estimates of the occurrence of MI as a function of the studied polymorphisms. Binary logistic regression analysis was performed to determine the association between MI and the studied variables through calculation of ORs and their 95% CIs. Adjusted ORs were estimated for genetic and physiological profiles using multinomial logistic regression (adjusted maximumlikelihood estimation). The enter method was selected for entering independent variables into the analysis. IBM SPSS for Windows, version 24.0, was used for all statistical calculations. p<0.016) were significantly different between the control and MI >45 groups. There was also significant heterogeneity in gender distribution in the MI groups, with a larger proportion of males in both groups (p<0.001 for both). Genotypes were in Hardy-Weinberg equilibrium for all polymorphisms in the control group. Table 3 shows the genotype frequencies for the eight polymorphisms in the three study groups and the p values obtained when the MI groups were compared with the control group for each polymorphism. Table 3 also shows the same comparison between groups but adding the homozygotic and heterozygotic genotypes for the allele considered of higher risk. This association of genotypes was performed due to the low numbers of patients with some genotypes. As can be seen, the p values for the rs5918 polymorphism of integrin beta3 were not significant, meaning that there were no statistical differences between the control and MI groups (p=0.579 and p=0.359 for MI >45 and p=0.407 and p=0.722 for MI ≤45).
Results
There was also no statistically significant difference between the control and MI groups for GPIb alpha polymorphisms. The p value for the rs2243093 polymorphism was 0.104 when MI ≤45 was compared with the control group. It is important to note that for this polymorphism only one homozygote (CC) was found, corresponding to one control individual. For the rs6065 polymorphism, as in the previous case, although the prevalence of CT heterozygotes was higher in MI ≤45 (26.2%) compared with the control group (18.5%), the chi-square test was not statistically significant (Table 4) .
With respect to the other GPIb alpha polymorphism studied, VNTR, no differences were found in chi-square tests ( Table 3 ). In our study population, no A allele for VNTR was found.
For the integrin alpha2 polymorphism rs938043469, a significant diference was found in the p value when the MI >45 group was compared with the control group (p=0.011). This difference was mainly due to a greater proportion of TT homozygotes (19.2% in MI >45 vs. 9.9% in controls) and fewer CC homozygotes (28.2% in MI >45 vs. 38.7% in controls) ( Table 3) . Accordingly, the OR for MI >45 was significantly higher in TT vs. CC genotypes (OR 2.662, CI: 1.181-6.001, p=0.027) ( Table 4 ). After adjustment, the OR remained For the three P2RY12 polymorphisms studied, there was a significant difference in rs2046934 when the MI >45 and control groups were compared in terms of associated genotypes, AG+GG (p=0.043). This difference was due to a greater proportion of heterozygotes in the MI >45 group compared with controls. However, when ORs were calculated comparing the AA and AG+GG genotypes, the difference was not statistically significant (OR 1.665, CI: 0.933-2.970, p=0.090) ( Table 4 ).
Discussion
In this study, we analyzed the effect of several platelet gene polymorphisms in patients who had suffered MI. These patients were divided into two groups according to the age at which they suffered MI: 45 years or younger and more than 45 years.
According to our results, the only polymorphism significantly associated with an increased risk for MI in the overall study population was rs938043469 in the alpha2 subunit (GPIa) of integrin ␣2␤1. We also concluded that the presence of the T allele in homozygosity is essential for this increased risk of MI. Nevertheless, the rs938043469 polymorphism does not appear to influence early onset of MI, since the results for the MI ≤45 group showed no correlation between the presence of this polymorphism and MI ( Table 3 ). The frequency of the TT genotype in the control group (9.9%) was within the range of previous reports. 24---26 The proportion of the TT genotype in the MI >45 group (19.2%) was higher than in the control group. Since Kunicki et al. first described this polymorphism in 1997, 27 several studies have assessed the relationship between the polymorphism and cardiovascular disease, mainly in younger adults, with conflicting results. 25, 28 In 2007, a meta-analysis of published data regarding the role of rs938043469 in coronary artery disease (CAD) concluded that there was no association between this polymorphism and CAD. 29 Nevertheless, our results were very similar to those of Jian-Xia Lu et al. in Chinese patients who had suffered ischemic stroke, 24 despite the differences in ethnicity and cardiovascular diseases. Moreover, a recent meta-analysis found that the T allele or TT genotype of the rs938043469 polymorphism were associated with increased risk for ischemic stroke. 30 Although a silent polymorphism, rs938043469 is believed to influence the density of integrin ␣2␤1 (GPIa-IIa) in the platelet membrane, with the T allele being responsible for the highest expression of the glycoprotein. 14, 15 This variation in receptor density may account for greater platelet responsiveness to collagen in the TT genotype, enhancing the thrombotic potential of platelets in pathological states. However, it should be remembered that this receptor, despite its importance for platelet adhesion to subendothelial collagen, particularly in static conditions, is not physiologically as important as GPIb-V-IX for the initiation of adhesion to subendothelial tissue in conditions of high shear stress as found in the arterial circulation. 31 This may explain the difficulty in finding statistically significant evidence for the role of this polymorphism in certain cardiovascular diseases. The conflicting results found may also reflect different study designs, patients and diseases 24---26,28,30 and the difficulty in establishing that a single polymorphism is in itself crucial to such a complex and multifactorial event as MI.
In many studies, including the present one, some results may fail to reach statistical significance, and as a result it may be impossible to decide definitively whether a particular association exists. Nevertheless, in our opinion, such results should not necessarily be disregarded, but should be analyzed carefully in order to determine their biological significance. Examples of such results are those concerning the rs2243093, rs6065, VNTR and rs2046934 polymorphisms in our MI groups.
Analysis of the rs2243093 polymorphism revealed a higher proportion of the TC genotype in the MI ≤45 group than in controls and the chi-square test was very close to significance (p=0.104). A similar result was found in two studies in which the rs2243093 polymorphism was associated with an increased risk of ischemic stroke. 32, 33 In these studies, a higher frequency of the TC genotype was reported. 32, 33 Another study associating the rs2243093 polymorphism and risk of CAD published in 2015 by Zhang et al. found a high frequency of the CC genotype and concluded that this genotype is a biomarker of genetic susceptibility. 34 Interestingly, there was only one individual with the CC genotype in our control group, corresponding to a frequency of 0.4% in the overall population, which is within the range of other populations. 13 This polymorphism lies in the 5 ′ UTR of the GP1BA gene, where a T or a C may be present in position -5 from the ATG start codon. The C allele has been associated with increased expression of the receptor on the cell membrane, 13 which may explain the link between this polymorphism and greater likelihood of arterial thrombus formation in some vascular pathologies, due to increased platelet adhesiveness. Nevertheless, our results did not show a clear correlation between the Kozak polymorphism and MI in any of the MI groups studied.
In the rs6065 polymorphism, threonine or methionine is found at position 161 of GPIb alpha due to a C1018T nucleotide change. 35 rs6065 is of clinical importance because it is implicated in neonatal alloimmune thrombocytopenic purpura, post-transfusion purpura, and refractoriness to HLA-matched platelet transfusion. 36 The presence of methionine has been associated with increased risk for MI and CAD in several studies. 34, 37 However, in a study of the functional effects of this polymorphism in 2003, Ulrichts et al. described a stronger interaction between the GPIb alpha subunit and vWF in glycoproteins that carry threonine (C allele) than methionine (T allele). 38 This finding does not agree with the above results. Nevertheless, as the authors point out in their paper, vWF binding to GPIb alpha was investigated in a stationary state and not in the shear stress conditions usually seen in a vascular stenosis. 38 We found a higher percentage of CT heterozygotes in the MI ≤45 group than in the control group, while in the MI >45 group no differences were found from the control group. These results, although not statistically significant, are in agreement with the findings of Mikkelsson et al., who reported a correlation between the presence of Met161 and sudden cardiac death in men aged less than 55 years. 37 Interestingly, when we reanalyzed the statistics including only men in the control ≤45 and MI ≤45 groups, there was a significant difference (p<0.001) in genotype distribution, with a higher percentage of heterozygotes in MI ≤45 compared with control ≤45. This result, despite the low numbers involved, especially in control ≤45, highlights the possible contribution of the rs6065 polymorphism to early MI.
For the VNTR polymorphism in GPIb alpha, no A allele (four repeats) and one rare E allele, which has only been reported in Caucasians, were found in our study groups. 39 The A allele has been reported mainly in Japanese and Native American populations. 40 The most interesting result that we observed regarding this polymorphism was the higher frequency of the BC genotype in MI ≤45 than in the control and MI >45 groups. However, the p value was not significant. This may be due to the large number of classes (six genotypes) and the small sample size, especially in the MI ≤45 group. The literature often attributes a protective role to the CC genotype, 41 and it should be noted that that the CC genotype was more frequent in the control group than in the MI >45 and MI ≤45 groups. Studies assessing the physiological response of each of the different sized GPIb alpha subunits are needed. In one attempt to help clarify this issue we conducted a study in which platelets with different VNTR genotypes were subjected to PFA-100 ® testing using collagen/ADP and collagen/epinephrine cartridges and occlusion time was measured. Our preliminary results showed that platelets with the CC genotype take longer to occlude the cartridge than platelets bearing a B allele (BC or BD), supporting its previously reported protective role (data not shown).
The p value for the rs2046934 polymorphism was statistically significant. This difference was found when AG and GG genotypes were associated and, as in the C807T polymorphism, the difference was seen in the MI >45 group. When associated, the difference was due to a greater number of heterozygotes in the MI >45 than in the control group. rs2046934 is an intronic polymorphism that does not alter the amino acid sequence of the protein and is in linkage disequilibrium with other polymorphisms that also do not change the protein structure of the receptor. All these polymorphisms form the H2 haplotype of the P2RY12 gene. 20 In aggregometry tests, the H2 haplotype was associated with higher maximal aggregation in response to ADP than the H1 haplotype. 20 This result suggests a possible relationship between the H2 haplotype and atherothrombosis. However, a study by Amisten et al. found no association between the H2 haplotype and MI. 42 In the present study, although there were differences in the chi-square test result, the p value of an odds ratio test calculated for AG+GG vs. AA genotypes in the MI >45 group was not statistically significant. In a recent study assessing the effects of platelet polymorphisms on antiplatelet drug responsiveness and clinical outcomes in patients with acute minor ischemic stroke that included the P2RY12 gene, the authors did not find that any of the P2RY 12 polymorphisms that we also studied had a pathophysiological effect. 43 Additional studies should be conducted to elucidate the pathophysiological role, if any, of the rs2046934 polymorphism. For the other P2RY 12 polymorphisms studied no statistical differences were found.
The rs5918 polymorphism showed no correlation or trend with MI in any MI group. Although several studies have suggested an association between PlA2 (the C allele) and arterial events, 44, 45 we found no statistical correlation between this polymorphism and MI, as also reported in several other studies, 46, 47 and controversy remains concerning the relationship between this polymorphism and cardiovascular pathology.
The results of the present work, despite its inherent limitations, particularly a limited number of patients in our MI groups and the heterogeneity between controls and MI patient groups, provide important hints on the possible role of platelet receptor polymorphisms in thrombotic disease. The most important conclusion of our work is that the TT genotype of the rs938043469 polymorphism of integrin alpha2 (GPIa) is significantly associated with the presence of MI in patients older than 45 years. Further studies with larger and more homogenous cohorts may support our findings and help to clarify the role of the rs6065 and rs2046934 polymorphisms and their association with MI. It is important to point out that the two groups of MI patients also differ in non-genetic variables, and so further studies are required to understand the molecular pathways associated with the polymorphisms under study. In addition, the association between these polymorphisms and clinical outcomes should be studied to enable better stratification of MI patients according to their genetic profile.
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